The use of direct oral anticoagulants (DOACs) is on the rise in the general population. However, data related to the safety of DOACs in patients with malignancy are limited. In this brief report, we present a series of three cases of haemorrhagic pericardial effusions and tamponade in patients receiving DOACs while undergoing cancer therapy. These three cases were all observed within a period of 6 weeks at a single institution and occurred shortly after the initiation of anticoagulation with one of the DOACs. Two of these patients had evidence of neoplastic pericardial process and were being treated with immunotherapy. The third patient was receiving targeted cancer therapy with a drug known to be associated with increased bleeding risks. Haemorrhagic pericarditis may represent a unique type of DOACs-related complications in subgroups of cancer patients with neoplastic pericardial disease and/or complex pharmacodynamics drug-drug interaction. The purpose of this report is to raise awareness of the lack of conclusive safety data of DOACs in certain cancer patients and to remind clinical providers of the National Comprehensive Cancer Network guidelines recommending against their use in patients with malignancy on the basis of limited safety data in patients undergoing cancer therapies.
Introduction
Direct oral anticoagulants (DOACs) have been approved for the management of venous thrombo-embolism and atrial fibrillation. These drugs have been shown to have similar efficacy and bleeding risks to those of other standard anticoagulants. 1, 2 However, The National Comprehensive Cancer Network guidelines recommend against using DOACs in cancer patients 3 on the basis of limited data regarding their safety in these patients.
In this report, we present three cases of spontaneous pericardial haemorrhages in cancer patients receiving DOACs while undergoing cancer therapy. The purpose of this report is to increase awareness about the potential bleeding complications of these drugs in patients with cancer.
Learning points
• Haemorrhagic pericarditis may represent a unique type of DOACs-related complications in subgroups of cancer patients with neoplastic pericardial disease.
• Caution is advised when using DOACs in cancer patients, especially when a pathological pericardial process is suspected or if they were to be combined with drugs that strongly interact with CYP3A4 or P-glycoprotein and when using chemotherapy drugs that are known to be associated with platelet dysfunction or increased bleeding risks.
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Timeline Case series Case 1
A 43-year-old woman was undergoing treatment with nivolumab for metastatic adenocarcinoma of the lung following chemoradiation therapy. Her primary tumour was adjacent to the pericardium, as indicated by a star in Figure 1 . Around the time of her 11th cycle of nivolumab, she was started on rivaroxaban 20 mg once daily for asymptomatic deep vein thrombosis. Her baseline coagulation profile, platelet count, and hepatic and renal functions were all normal. Two days following the initiation of anticoagulation, she presented to the emergency department with symptoms of acute shortness of breath and a pleuritic, moderately severe, chest pain. A chest computed tomography (CT) scan revealed the presence of a large pericardial effusion that had not been present on a previous similar study 3 weeks earlier ( Figure 1A and B). Transthoracic echocardiography confirmed the presence of a large pericardial effusion with associated tamponade physiological features. Urgent pericardiocentesis was performed, and 540 mL of haemorrhagic fluid was drained, with a cytological analysis demonstrating adenocarcinoma cells. The procedure provided the patient with an instant and a complete symptom resolution and both nivolumab and rivaroxaban were discontinued. The patient did not receive any other form of anticoagulation following this event.
Case 2
A 47-year-old man with refractory squamous cell carcinoma of the tongue who was undergoing experimental immunotherapy with programmed death ligand 1 (PDL-1) inhibitor was incidentally found to have a small pulmonary embolism on a routine staging CT scan of the chest. He was started on rivaroxaban 15 mg twice daily for 1 week, followed by 20 mg once daily. His baseline coagulation profile, platelet count, and hepatic and renal functions were all normal. Eight weeks later, he presented to the emergency department with a history of progressively worsening dyspnoea and mild pleuritic chest pain for the last 4 days. A chest CT scan excluded pulmonary embolism but revealed a new pericardial effusion. Echocardiography confirmed the presence of a large pericardial effusion with tamponade 
Case 3
A 71-year-old man with a history of refractory B-cell chronic lymphocytic leukaemia was started on ibrutinib. He presented to the emergency room for palpitations 5 days after the initiation of ibrutinib and was diagnosed with the new-onset atrial fibrillation. His baseline echocardiogram was unremarkable. He underwent cardioversion within 24 h and was discharged home on apixaban 5 mg twice daily. His baseline coagulation profile, platelet count, and hepatic and renal functions were all normal. He was rehospitalized 48 h later for acute shortness of breath; he experienced rapid progression into shock with acute hepatic injury and renal failure. He was found to have a new large pericardial effusion on CT scan of the chest (Figure 2A and B) and confirmed by echocardiography. Emergent pericardiocentesis was performed, and 700 mL of haemorrhagic fluid was drained. Fluid cytological and flow cytometric studies did not reveal any malignant cells. The patient fully recovered and was discharged home. Ibrutinib was permanently discontinued, and the patient did not receive any other form of anticoagulation following this event.
Discussion
These cases, which all occurred within a period of 6 weeks from each other at a single institution, illustrate how patients undergoing cancer therapy may experience an adverse reaction to DOACs, leading to potentially life-threatening internal bleeding complications. Because of the proven efficacy and safety of DOACs in the general population, their use is on the rise. Only a handful of cases of DOACinduced pericardial haemorrhages in non-cancer patients have been reported in the literature. [4] [5] [6] However, data on their use in patients with active malignancies, especially in those undergoing chemotherapy or immunotherapy, are limited. In fact, the scarce data on the safety and effectiveness of DOACs in cancer patients have been derived mainly from limited observational studies and several small subgroup analyses in large clinical trials of mainly non-cancer patients. 7-9 These meta-analyses have the usual inherent limitations related to the heterogeneity of trial protocols, such as patient baseline clinical characteristics and pre-defined outcomes and complications. Patients with cancer are not only at increased risk of thrombosis but also at increased risk of bleeding. Moreover, there are several clinical and metabolic features in cancer patients that can alter the DOACs pharmacodynamics with secondary unpredictable clinical response to these drugs: These features include altered renal and hepatic functions, cancer cachexia and malnutrition, coagulopathy and thrombocytopenia, and, more importantly, the unpredicted response caused by drug-drug interaction with cancer therapies. In fact, data on the combined use of chemotherapeutic agents and DOACs are rare. Direct oral anticoagulants interact with CYP3A4 and P-glycoprotein, making them theoretically susceptible to plasma concentration fluctuations when they are taken with inhibitors or inducers of these enzymes. Several categories of chemotherapeutic agents, including antimitotic microtubule inhibitors, tyrosine kinase inhibitors, and immune-modulating agents, are known substrates to CYP3A4 or P-glycoprotein. 10, 11 Theoretically, these types of pharmacodynamics drug-drug interactions can lead to the attenuation of the effects of DOACs, which increases the risk of thrombosis, or exacerbate the anticoagulation effects of DOACs, which leads to an increase in bleeding risks. The current National Comprehensive Cancer Network guidelines recommend against the use of DOACs in patients with active cancer. 3 These recommendations are based mainly on the many reasons listed above and will likely hold true until more safety data are available. There are currently multiple ongoing randomized and observational trials investigating the safety and efficacy of these drugs in cancer patients (clinicaltrials.gov: NCT02048865, NCT02073682, NCT01708850 and NCT01727427) that will hopefully further clarify the role of these drugs in managing cancer patients. The exact mechanism that led to these three cases of haemorrhagic pericardial effusions and tamponade is not well defined but perhaps can be partially explained by drug metabolism and pharmacodynamics concepts. Amplification of the DOACs effect leading to excessive anticoagulation, the degree of which cannot be adequately quantitated, should be considered. It is known that elevated levels of cytokines, interleukin 6 and tumour necrosis factor a are typically observed in cancer patients in general and even more so following immunotherapy. 12 These cytokines have been shown to alter the pharmacokinetics of several drugs by down-regulating the expression and enzyme activity of the CYP3A4, the main enzyme responsible for the metabolism of rivaroxaban. Similarly, the third case may be partially related to excessive anticoagulation because ibrutinib has been well documented to increase major bleeding risks, 13 and in our case, this effect may have been potentiated by apixaban.
Other potential mechanisms that could explain haemopericardium in the first two cases include the presence of neoplastic pericardial disease with the evidence of pericardial malignant involvement, as demonstrated by chest imaging in the first case and by pericardial fluid cytological examination in the first two cases, and the possibility of subclinical pericarditis induced by immunotherapy (well-known and reported side effect of immunotherapy).
14 These two conditions can evolve into haemorrhagic effusion when associated with DOACinduced anticoagulation.
Conclusion
In conclusion, our purpose with this report is to raise awareness of the potential for increased internal bleeding risks in cancer patients receiving DOACs while undergoing certain cancer therapies. This is especially important because well-established alternative therapies, specifically low-molecular-weight heparin, have been proven to be effective and safe with even limited data, suggesting paraneoplastic effect with reduction in tumour progression of certain cancers such as melanoma and colon cancer. 3, 15 Until a better understanding of bleeding risks related to DOACs' pharmacodynamics interaction with chemotherapy and a better evidence of clinical safety are both available, we recommend vigilance and caution when using DOACs in cancer patients, in particular when a pathological pericardial process is suspected or if they were to be combined with drugs that strongly interact with CYP3A4 or P-glycoprotein. We also caution against their use with chemotherapy drugs that are known to be associated with platelet dysfunction or increased bleeding risks.
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